ABSTRACT Commercially produced maturity group (MG) IV soybeans, Glycine max L., were sampled during bloom for tarnished plant bugs, Lygus lineolaris (Palisot de Beauvois), during May and June 1999 (3 Þelds) and 2001 (18 Þelds). The adults and nymphs were found primarily in single population peaks in both years, indicating a single new generation was produced during each year. The peak mean numbers of nymphs were 0.61 and 0.84 per drop cloth sample in 1999 and 2001, respectively. Adults peaked at 3. 96 (1999) and 3.76 (2001) per sweep net sample (25 sweeps). Tests using laboratory-reared and Þeld-collected tarnished plant bugs resulted in very poor survival of nymphs on 16 different soybean varieties (MG III, one; IV, four; V, nine; VI, two). A large cage (0.06 ha) Þeld test found that the number of nymphs produced on eight soybean varieties after mated adults were released into the cages was lower than could be expected on a suitable host. These results indicated that soybean was a marginal host for tarnished plant bugs. However, the numbers of adults and nymphs found in the commercially produced Þelds sampled in the study may have been high enough to cause feeding damage to the ßowering soybeans. The nature of the damage and its possible economic importance were not determined. Reproduction of tarnished plant bugs in the commercially produced early soybean Þelds showed that the early soybeans provided tarnished plant bugs with a very abundant host at a time when only wild hosts were previously available.
The tarnished plant bug, Lygus lineolaris (Palisot de Beauvois), uses Ͼ300 plant species as hosts, including many cultivated species (Young 1986) . Field crops on which tarnished plant bugs are found in the mid-South include cotton, Gossypium hirsutum L., corn, Zea mays L., soybeans, Glycine max L., and grain sorghum, Sorghum bicolor L. Moench. The only Þeld crop tarnished plant bugs are recognized as being a pest of in the mid-South is cotton. Tarnished plant bugs have become a consistent pest of cotton in the Mississippi River Delta in Arkansas, Louisiana, and Mississippi. In this area, large populations occur frequently, and these populations can be difÞcult to control because of insecticide resistance. Populations with high levels of resistance to carbamate, organophosphate, and pyrethroid insecticides have been found, and resistance to pyrethroid insecticides and acephate (the most commonly used organophosphate insecticide for control of large populations) is widespread (Snodgrass 2006 , Snodgrass et al. 2009 ).
An estimated 471,660 ha of cotton were grown in Mississippi in 2006, but this acreage has declined since then to 119,433 ha in 2009 (NASS 2009 ). The decrease in cotton acreage was caused by a shift in land area planted to corn or soybeans as a result of higher prices for these crops. Corn is an excellent host for tarnished plant bugs (Abel and Snodgrass 2003) , and cotton grown near corn often has higher numbers of tarnished plant bugs than cotton grown near other crops. These higher numbers can be caused by tarnished plant bug movement out of corn as it matures in late June and early July (Kumar and Musser 2009) . It is not known if early soybeans also play an important role as a host for tarnished plant bugs.
Soybean producers in Mississippi have adopted an early soybean production system growing MG IV soybeans. They are mostly planted in April, begin ßow-ering in May and June, and Þll seeds in June and July (Heatherly 1999) . The early production system is usually more proÞtable for producers than the traditional system because it avoids late season insect problems and droughts in August and September (Heatherly and Bowers 1998) . MG IV soybean varieties have indeterminate growth meaning they ßower earlier than determinate varieties. Also, a large part of their vegetative growth occurs after ßowering. Soybean production in Mississippi in 2009 was estimated at 878,543 ha, of which 62% was early soybeans planted before 3 May (NASS 2009 ).
Only one study on tarnished plant bug damage to soybean has been performed. Broersma and Luckmann (1970) used small cages to conÞne adult tar-nished plant bugs on one node of fruiting soybean at the bud, bloom, developing pod, and Þlling pod stages. One or two adults caged for 24 h on buds or blooms had no signiÞcant effect on number of pods/node, number of seeds/pod, or seed weight. Four adults caged on buds for 24 h caused a signiÞcant reduction in number of pods/node and number of seeds/pod. Four adults caged for 24 h on blooms caused a significant reduction in number of pods/node. These results showed that tarnished plant bugs may damage soybean if high numbers are present.
Estimates of tarnished plant bug numbers in soybeans from the midwest are available. Adult tarnished plant bugs in soybean plots in Ohio from 1982 to 1984 produced population peaks that averaged less than three adults per 10 sweeps in all 3 yr (Hammond and Stinner 1987) . Tarnished plant bugs averaged 1.25Ð 1.45 adults per 50-sweep sample in overall seasonal means from 1993 to 1995 in soybean plots in Washington, Floyd, and OÕBrien Counties, IA (Lam and Pedigo 1998) . They produced one population peak compared with other soybean pests such as the green cloverworm, Hypena scabra (F.), which had two larval generations and two population peaks. Buckelew et al. (2000) found overall numbers of tarnished plant bugs ranged from 0.29 to 0.64 adults per 20-sweep sample in soybeans in 1997 and 1998 near Ames and Kanawha, IA. None of the studies from the midwest reported the presence of nymphs.
In more recent studies, McPherson et al. (2001 and studied early soybean production and the inßuence of herbicide tolerant soybeans on insect populations in soybeans in Georgia. They did not list tarnished plant bugs among insect pests they found but did say that they were present. In an extensive study of arthropods found in soybean production systems in Arkansas, Louisiana, Mississippi, and Texas (Baur et al. 2000) , tarnished plant bugs were not included.
We studied MG III, IV and V soybeans in the Þeld to provide data on whether these soybeans were both feeding and reproductive hosts of tarnished plant bugs. Laboratory studies were used to examine several aspects of reproductive behavior and development of nymphs on commonly grown MG III, IV, V, and VI varieties. Rearing Nymphs in Sleeve Cages. The percentage of Þrst-instar tarnished plant bugs that developed into adults when reared on different soybean varieties in sleeve cages in the Þeld in 2005 was studied in this experiment. Nymphs used in the study were Þrst instars that had emerged from eggs laid in pods of green bean, Phaseolus vulgaris L., during a 24-h period before their use in the test. The nymphs were from a laboratory colony maintained at the Southern Insect Management Research Laboratory, USDAÐARS, Stoneville, MS. Vigor in the laboratory colony was maintained by adding Þeld-collected adults four to Þve times a year. The nymphs were conÞned on soybeans for development in sleeve cages made using plastic mesh tubes 10 by 18 cm (diameter by length; Rigid Protector Tubes; Forestry Suppliers, Jackson, MS) as the cage frame. The cage cover was a white knee-stocking with the toe cut off. The cage was slipped over a plant and attached on one end to the mainstem of the plant with a twist tie. Ten Þrst-instar tarnished plant bugs were added to the cage and the open end was sealed with a twist tie. One cage with its enclosed plant and 10 Þrst instars were used in each of the 10 blocks (replications) with the different soybean varieties grown in the Þeld. In test 1, three group V soybean varieties (Pioneer 9594 and 95B97 and Asgrow 5501) in the prebloom stage were tested as hosts by conÞning nymphs on them for 15 d (7Ð22 June). In test 2, one MG III (Williams 82) and four group IV varieties (Asgrow 4403 and 4432 and Pioneer 94B74 and 9492) in bloom were tested as hosts for 21 d (20 June through 11 July). Eight MG V varieties (Pioneer 95B97, 95B34, 95B96, 95B53, 95B32, 95B33, and DPL-3589 and Asgrow 5501) and two MG VI varieties (Pioneer 96B21 and DT98 Ð2448) in bloom were tested as hosts for 20 d (5Ð25 July) in test 3. The cages and enclosed foliage were removed from the Þeld at the end of the test periods and examined in the laboratory to determine the numbers of adults that had developed.
Materials and Methods

Commercial
Reproduction in Sleeve Cages. The same soybean varieties used in the Þeld rearing test for nymphs described above were used to determine whether egg hatch and development of nymphs would occur on the different soybean varieties. An additional MG V variety (Pioneer 9594) was added to test 3 (Table 1) . Sleeve cages were again used, and each replication on a soybean variety was a sleeve cage into which three adult female and two adult male tarnished plant bugs were released. Each soybean variety tested had 10 replications (one cage in each of the 10 blocks). The adults were from the laboratory colony described previously, and males and females were held together as they became adults in cages with green bean pods for food for 10 Ð12 d before their use in a test. This ensured that most females were mated and ready to lay eggs when sleeve cages were infested. Mating of adults occurs between 4 and 6 d after becoming adults (Bariola 1969) , and females have a preoviposition period of 8 d before they lay eggs (Ridgway and Gyrisco 1960) . The adults were left in the cages in the Þeld for 16 d (17 June to 3 July 2005) on the preblooming soybean varieties in test 1. On the blooming MG IV soybean varieties in test 2, the adults were left for 17 d (24 June through 11 July), whereas on the blooming MG V soybeans in test 3, they were left for 18 d (1Ð19 July). The sleeve cages and conÞned soybeans were removed at the end of each test period, and the contents of the cages were examined in the laboratory to determine the number and sex of adults present and the instars of the nymphs. The instar of each nymph was determined using the descriptions found in Crosby and Leonard (1914) .
Oviposition in Soybeans. The same soybean varieties used to rear nymphs in the sleeve cages (Table 2) were used to determine where tarnished plant bugs laid their eggs in soybean plants. The sleeve cages used in the previous two studies were again used, and three female and two male adult tarnished plant bugs from the laboratory colony were released into each cage. The adults were 10 Ð12 d old and had been held together on green bean pods as described previously to ensure the females were mated and ready to lay eggs. Two cages with adult tarnished plant bugs were used in each of the 10 blocks with each of the three soybean varieties used in test 1. Preblooming MG V soybean varieties were used in test 1, and adults were caged for oviposition on these varieties for 16 d (20 June to 6 July). In the blooming MG IV soybeans in test 2, caged adults were allowed 17 d for oviposition (24 June to 11 July), whereas in the blooming MG V soybeans in test 3, they were allowed 18 d (1Ð19 July). One cage with adults was used in each of the 10 blocks with each of the soybean varieties used in tests 2 and 3. The sleeve cages and enclosed soybeans were removed at the end of each oviposition period, and the soybeans were examined under 10ϫ magniÞcation in the laboratory for eggs. The number of eggs (and hatched eggs) along with the plant structure in (or on) which eggs were laid were recorded. A description of the plant structures is shown in Table 2 .
Laboratory Rearing on Soybeans. Soybean varieties (Table 3 ) from the three previous Þeld experiments were used to rear Þrst-instar tarnished plant bugs in the laboratory in 2005. First instars used in the rearing 
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Means in a column followed by different letters are signiÞcantly different (P Յ 0.05; LSD). NS indicates no signiÞcant differences in the means.
a Seed companies that developed the varieties were Asgrow (AS), Delta and Pine Land (DPL), and Pioneer (P). Williams 82 and DT98-2448 are public varieties.
b Means are for 10 replications (sleeve cages into which three female and two male reproductive tarnished plant bugs were placed). Adults were left in the cages from 17 June through 3 July (16 d) for test 1, 24 June through 11 July (17 d) for test 2, and 1 through 19 July (18 d) for test 3. In test 1, the soybean varieties used were prebloom.
tests were from the laboratory colony that had emerged from eggs laid in green bean pods in a 24-h period before their use in a test. Each replication in the laboratory rearing tests was a rearing cage into which 10 Þrst instars were placed and provided with broccoli, Brassica oleracea L. (control), or soybeans as food. The Means in a column followed by a different letter are signiÞcantly different (P Յ 0.05; LSD). NS indicates no signiÞcant differences. a Seed companies that developed the varieties were Asgrow (AS), Delta and Pine Land (DPL), and Pioneer (P). Williams 82 and DT98-2448 are public varieties.
b The mean is for 20 replications (sleeve cages into which three female and two male reproductive adults were released) in test 1; 10 replications were used in tests 2 and 3. The females were left in the cages from 20 June to 6 July in test 1, 24 June to 11 July in test 2, and 1Ð19 July in test 3. In test 1, the soybean varieties were not blooming.
c Other plant parts oviposited into included hairs of pods or buds, pods, in ßower buds or blooms, and on ßower buds or blooms. rearing cage was a 0.473-liter clear plastic container (Solo Company, Urbana, IL) with the center of the bottom and the lid replaced with organdy cloth for ventilation. There were Þve replicates with each soybean variety and the broccoli control in a randomized complete block design. The soybean varieties tested were provided as food for the nymphs by harvesting plants from the Þeld and cutting them into pieces that provided all the different plant parts from which nymphs could choose to feed. These included mature and young leaves, pods, blooms, mainstem terminals, axillary shoots with young leaves or young leaves with blooms and/or pods, and short pieces of the mainstem with blooms and/or pods. Leaves and axillary shoots were cut so that 2Ð3 cm of the petiole or stem was retained. Only one leaßet attached to the petiole of the mature trifoliate leaf was used, and this leaßet was cut into half so that it could be Þt into the rearing container. Cut stems or petioles were inserted into a 3 by 3 by 3-cm cube of ßoral foam (Oasis Floral Products, Kent, OH) that was initially saturated with distilled water and resaturated as needed. This kept the plant tissue inserted into the ßoral foam turgid. Each day a small amount of additional plant material (pods, blooms, and young leaves) was added but not inserted into the ßoral foam. Blooms, ßoral buds, and pods were not available for use in rearing nymphs on the prebloom varieties used in test 1. Broccoli was added daily to the controls and changed every 3 d. All soybean plant material was removed every 3 d, and new plant material was inserted into the ßoral foam. Mortality of nymphs was determined when the plant material was changed at the 3-d intervals through the Þrst 9 d and daily thereafter. Adults were weighed on the day they were found. All rearing was performed at 25ЊC with a 14:10 (L:D)-h photoperiod, and relative humidty was not controlled. In test 1, preblooming MG V soybean varieties were tested as rearing hosts (14 Ð28 June). Blooming MG III and IV varieties were used in test 2 (23 June to 24 July), whereas blooming MG V and VI varieties were used in test 3 (6 July to 1 August).
Large Cage Field Test 2006.
To further evaluate the utilization of MG IV and V soybeans as a host by tarnished plant bugs, a Þeld test was conducted in large cages from May through August 2006. The Þeld cages were located at the Delta Research and Extension Center, Mississippi State University, Stoneville, MS. The cages were 19.2 by 31.9 by 2.4 m (0.15 acre or 0.06 ha) in size. The long side (31.9 m) of the cage ran in a north to south direction. The framework was erected and covered with a heavy-duty nylon screen Ϸ1 wk before the start of the test. Two cages were used in the study.
Three MG IV soybean varieties (Asgrow 4403, Dekalb 4651, and Hytest brand cultivar 4432) that are commonly grown in the mid-South along with a MG III variety (Williams 82) were planted on 15 May in one cage. In the other cage, four commonly grown MG V soybean varieties (Pioneer 94B73, Garst brand cultivar 4999, Delta King brand cultivar 4967, and Asgrow 5501) were also planted on 15 May. The soybeans were planted on 1-m (40-in) row spacing, and the rows ran north and south in the cage. The experiment was designed as a randomized complete block with six replications (blocks) in each cage. Each block had four adjacent rows 12.2 m in length, and the location of each treatment was assigned at random. A treatment (one variety) in a block was comprised of two adjacent rows 6.1 m in length, and the four treatments in a block were adjacent to each other. Three blocks were placed in rows across the south portion of the cage and the other three blocks were in rows toward the north end of the cage. Near the cage middle, the two sets of three blocks were separated by a 1.5-m alley. A two-row skip separated the blocks on their east and west sides.
When ßower buds Þrst developed on the soybeans, mated tarnished plant bug adults were released into the cages. These adults were collected from pigweed, Amaranthus spp., and held on green bean pods for 1 wk in the laboratory to ensure that they were mated. A total of 2,600 adults were released into the cage with MG IV soybeans on 27 June. The sex of 300 adults was determined before they were released, and 48% of the adults were females. The cage with the MG V soybeans received 2,500 (49% female) adults on 12 July. Soybeans in the cages were sampled for nymphs beginning 12Ð14 d after the release of the adults. One sample with a drop cloth (0.91 by 0.76 m) was taken from each replication of the treatments at weekly intervals. All nymphs captured were counted, placed in vials of 70% ethanol, and examined in the laboratory under magniÞcation to determine their instar. Adult counts were not taken because it was difÞcult to distinguish between adults released into the cage and those that developed on the soybeans.
Statistical Analyses. Results from the Þeld tests using sleeve cages in 2005 along with the large cage test in 2006 were analyzed using analysis of variance (ANOVA) and the mixed model procedure in SAS (PROC MIXED, SAS Institute 1999). Means were separated at P Յ 0.05 using least signiÞcant difference (LSD). Data were converted by square-root (Y ϩ 0.5) transformations before analysis to meet the assumptions of normality, but nontransformed means were presented. Data from the oviposition tests were also analyzed by use of contingency tables and 2 to compare the distribution of eggs in the different plant parts by variety. In the large cage study, mean numbers of nymphs in all instars were compared, and a separate comparison of the means for only large nymphs (fourth and Þfth instars) was also made.
Results
Field Populations. Both sampling methods used in sampling the three commercial Þelds of MG IV soybeans in 1999 (Fig. 1 ) produced similar population trends in that adults and nymphs of tarnished plant bug increased or decreased at the same time with both sampling methods. Tarnished plant bug adults had a single population peak in the fourth week of May of 3.96 and 0.29 adults per sample with the sweep net and drop cloth, respectively. The peak number of nymphs (Fig. 2) . Tarnished plant bug adults captured with the drop cloth did not have a population peak but remained at a low level from 0.21 to 0.31 adults per sample from the second week in May through the second week in June. Nymphs captured with the drop cloth reached a single population peak of 0.84 nymphs per sample during the third week of May, 1 wk before the adult peak found with the sweep net samples in the fourth week in May. Mean numbers of nymphs were slightly lower in the weeks before and after their peak and averaged 0.61 and 0.62 per sample during the second and fourth week in May, respectively. Nymphs captured with the sweep net followed a similar trend as those captured with the drop cloth but did not have a population peak. Rather, they remained at their highest levels (0.56 Ð 0.64 nymphs per sample) from the second through the fourth week in May.
Rearing Nymphs in Sleeve Cages. In the Þeld test in which Þrst-instar tarnished plant bugs were reared in sleeve cages on preblooming soybeans for 15 d (7 June to 22 June), no nymphs or adults were found in the sleeve cages when the contents of the cages were examined in the laboratory. When the test was repeated (20 June to 11 July) for 21 d on blooming MG III and IV soybeans, two adult males were found to have developed successfully on the Williams 82 variety. The percentage of nymphs that became adults was 2.0% (2 of 100) in the Williams 82 variety. The test was conducted a Þnal time for 20 d from 5 to 25 July using eight MG V and two MG VI soybean varieties during bloom. One adult male (1.0%) was found to have developed in the Pioneer 95B96 variety and one adult female (1.0%) on the Pioneer 95B34 variety. Three adult males (3.0%) were found to have developed on the Pioneer 95B97 variety. Although this was a replicated Þeld test, too few tarnished plant bug adults (7 of 1,900 nymphs) developed to make a statistical analysis of the data meaningful.
Reproduction in Sleeve Cages. Caging three female and two male reproductively mature tarnished plant bug adults in the sleeve cages produced low mean numbers of nymphs in the cages during the 16-to 18-d periods over which the tests were conducted (Table  1) . The highest mean numbers of nymphs were found in test 1, in which the adult females were caged on preblooming MG V soybean varieties. The Asgrow 5501 and Pioneer 95B97 varieties had signiÞcantly higher numbers of nymphs (F ϭ 5.43; df ϭ 2,18; P ϭ 0.01) than were found in the Pioneer 9594 variety in test 1. All of the nymphs found in this test were Þrst instars. In tests 2 and 3, which used soybean varieties in bloom, second instars were found on most of the soybean varieties tested. No signiÞcant differences (F ϭ 1.12; df ϭ 4,36; P ϭ 0.36) were found in the numbers of nymphs produced on the Þve MG III and IV varieties used in test 2. SigniÞcantly higher (F ϭ 2.05; df ϭ 10,90; P ϭ 0.04) numbers of nymphs were found in Pioneer varieties 95B33, 95B96, and 9594 than in the rest of the varieties in test 3. The numbers of nymphs found in the remaining eight MG V and VI varieties were not signiÞcantly different. The number of caged adult females that survived the 16-to 18-d periods was low, and only 6 females of the 570 (3 females in each of 10 replications of each of the 19 varieties) placed in the cages were found alive at the end of the three tests. Two adult males of the 380 placed in the cages were found alive at the end of the three tests.
Oviposition in Soybeans. Numbers of eggs found in the soybean varieties were low and averaged less than eight eggs per cage (with three females) in all varieties tested (Table 2) . However, the mean numbers of eggs laid in the Pioneer 9594 and Asgrow 5501 varieties in test 1 were signiÞcantly higher (F ϭ 6.30; df ϭ 2,18; P ϭ 0.009) than those found in the Pioneer 95B97 variety. Eggs were most frequently laid in the leaßet petiolule (the stem attaching the leaßet to the petiole) in the three prebloom MG V varieties used in test 1 (Table  2 , test 1). The mean numbers of eggs found in the leaßet petiolule were 3.7, 3.6, and 2.0 in the Pioneer 9594, Asgrow 5501, and Pioneer 95B97 varieties, respectively. These means represented 49.7, 58.7, and 60% of the total numbers of eggs laid in the three varieties, respectively. These percentages were fairly close for the three varieties, but signiÞcant differences between varieties ( 2 ϭ 25.6; df ϭ 10; P ϭ 0.004) were caused by where the remaining eggs were found. In the Pioneer 9594 and 95B97 varieties, 20.8 and 20.0%, respectively, of the total egg lay were found in the mainstem compared with only 6.6% in the Asgrow 5501 variety. The Asgrow 5501 variety also had 14.1% of the total egg lay in the petiole and again in other plant parts compared with 10% or less in these plant structures in the Pioneer 9594 and 95B97 varieties.
The preferred oviposition site in the soybeans with blooms was in the leaßet. This was found in three of the Þve MG III and IV varieties (Table 2, test 2) and in 9 of the 10 MG V and VI varieties (Table 2, test 3).
In these 12 varieties, eggs laid in the leaßet represented 59 Ð 86% of the total numbers of eggs laid in each variety. In the remaining three varieties, the preferred oviposition site in Williams 82 and Pioneer 9492 was in the petiole of the compound leaf, whereas in Pioneer 95B33, the preferred oviposition site was in the leaßet petiolule. The mean number of eggs per cage was not signiÞcantly different in the Þve MG III and IV soybeans used in test 2 (F ϭ 1.33; df ϭ 4,36; P ϭ 0.28). SigniÞcant differences were found in the mean number of eggs laid per cage among the 10 MG V and VI soybean varieties tested (F ϭ 2.18; df ϭ 9,81; P ϭ 0.03; Table 2 , test 3). Pioneer 95B53 and 96B21 contained signiÞcantly higher mean numbers of eggs compared with Pioneer 95B32 and 95B97 and DPL-3589. The 2 values from contingency tables used to analyze the egg distribution data from tests 2 and 3 were signiÞcant. However, test 1 and test 2 had 77 and 75% of the cells with counts less than Þve, and the 2 tests were probably not valid.
Laboratory Rearing on Soybeans. Nymphs of the tarnished plant bug were difÞcult to rear on the soybean varieties studied in the laboratory tests. Only 19 of the 950 nymphs used in the three rearing tests became adults (Table 3) . Because of poor survival, statistical analysis to determine differences in numbers of nymphs becoming adults on the different soybean varieties tested was not performed. In the laboratory rearing tests in which preßowering soybeans were used as hosts, none of the Þrst instars reared on the three soybean varieties became adults. Nymphs reared on the broccoli control required 13.2 Ϯ 0.15 d to become adults, and the average percentage that became adults was 76.0 Ϯ 7.2. The average weight for the adults was 6.9 Ϯ 0.05 mg. Among the Þve MG III and IV soybean varieties tested when they bloomed, Williams 82 was the best variety tested for rearing plant bug nymphs. The percentage of the nymphs tested on Williams 82 that became adults was 18.0 Ϯ 5.9. In three of the other MG IV soybean varieties (Pioneer 94B74 and 9492 and Asgrow 4432) tested, one nymph (2.0%) reared on each of the varieties developed to the adult stage. This compares to an average percentage becoming adult of 80.0 Ϯ 4.9 for nymphs reared on broccoli in the test. The average weight of the adults reared on broccoli was 7.6 Ϯ 0.06 mg compared with an average of 3.5 Ϯ 0.25 mg for the nine adults reared on Williams 82. Nymphs reared on broccoli required 13.2 Ϯ 0.18 d to become adults, whereas the nine nymphs successfully reared on Williams 82 required 19.6 Ϯ 0.67 d to become adults. The three adults reared on Pioneer 94B97 and 9492 and Asgrow 4432 weighed 3.4, 3.0, and 3.2 mg, respectively. Two nymphs (4.0%) in each of four of the MG V soybean varieties (Pioneer 95B97, 96B21, 95B34, and DPL-3589) tested were able to develop to the adult stage. These adults required 22.5 Ϯ 0.35 to 24.5 Ϯ 0.35 d for development to adults and had average weights of 2.7 Ϯ 0.11 to 4.3 Ϯ 0.21 mg. In the broccoli control, 76 Ϯ 2.2% of the nymphs developed to the adult stage and averaged 6.3 Ϯ 0.07 mg in weight. Development on broccoli to the adult stage required an average 12.9 Ϯ 0.13 d (Table 3) .
Large Cage Field Test 2006. One new generation of tarnished plant bug was produced in the large Þeld cage with the MG III and IV soybeans and in the large cage with the MG V soybeans (Table 4) . The nymphs present in the Þrst week of sampling in the MG III and IV soybeans (12 July) and MG V soybeans (24 July) were mostly Þrst instars with a few second instars. Over the next 2 wk in all MG, the population of nymphs was a mixture of all Þve instars. In test 1, no signiÞcant differences were found in the number of nymphs present on the four MG III and IV soybean varieties on the four sample dates (all F Ͻ 1.16; df ϭ 8,15; all P Ͼ 0.38). There were also no signiÞcant differences in the mean numbers of large nymphs present in the MG III and IV soybeans in weeks 2 and 3 (week 2, F ϭ 0.76; df ϭ 8,15; P ϭ 0.64; week 3, F ϭ 0.56; df ϭ 8,15; P ϭ 0.79). In test 2, signiÞcant differences were found in mean numbers of nymphs found on the four MG V soybean varieties on the Þrst three sample dates (all F Ͼ 2.75; df ϭ 8,15; all P Ͻ 0.044). The variety by sample date interaction was also signiÞcant (F ϭ 3.43; df ϭ 6,29.7; P ϭ 0.01), and mean numbers of nymphs could not be averaged and compared over sample dates. In the Þrst sample week (24 July), the Delta King 4967 variety had signiÞcantly lower numbers of nymphs than were found on the other two varieties. During weeks 2 and 3 (2 and 8 August), Asgrow 5501 had signiÞcantly higher numbers of nymphs than were found in the other three varieties. Mean numbers of large nymphs (fourth and Þfth instars) were also higher in weeks 2 and 3 in the Asgrow 5501 variety than in the other three varieties, but the differences were not signiÞcant. The interaction of variety with sample date was not signiÞcant (F ϭ 1.22; df ϭ 3,14.8; P ϭ 0.34) for the large nymphs, and their means in the soybean varieties were combined over the two sample dates and compared. In this comparison, the mean number of large nymphs found in the Asgrow 5501 variety was signiÞcantly higher (F ϭ 4.89; df ϭ 3,17.7; P ϭ 0.01) than the combined means in the other three varieties.
Discussion
The peak mean numbers of tarnished plant bug adults captured with the sweep net in the commercial soybean Þelds sampled in our study (3.76 Ð3.96 in 25 sweep samples) are higher than those reported by Lam and Pedigo (1998) (1.25Ð1.45 in 50 sweep samples) and Buckelew et al. (2000) (0.29 Ð 0.64 in 20 sweep samples). Hammond and Stinner (1987) found mean numbers of tarnished plant bugs in soybeans that averaged Ͻ3.0 in 10 sweep samples, and these populations may have been similar in size to the populations we found in our study. None of the studies from the midwest included sampling numbers for nymphs.
The population peak for tarnished plant bug adults found in the fourth week of May in the three commercial MG IV soybean Þelds sampled in 1999 (Fig. 1) was not produced by their reproduction in the soybean Þelds. This was seen by the fact that the number of nymphs found by both sampling methods did not begin to increase in the Þelds until the same week the peak adult population was found. For the population peak to have had new generation adults in it, the number of nymphs found should have been higher in the 3 wk before the peak adult population. Nymphs reached their population peak in the second week of June, and during this increase, the adult population decreased rapidly to 0 in the drop cloth samples during the second week of June and almost 0 for the sweep net and drop cloth samples for both adults and nymphs during the last week in June. This decline showed that the tarnished plant bug adults that entered the Þelds could have used the soybeans to produce one new generation. The new generation adults and any of their parents still alive then migrated from the Þelds. This migration coincided with the end of ßowering in the Þelds, and this may have caused the migration from the Þelds. In 2001, adults had a single population peak in the 18 commercial soybean Þelds sampled in the fourth week in May, but unlike the populations sampled in 1999, the populations of nymphs in the Þelds peaked 1 wk before the adult peak (Fig. 2) . The populations of nymphs were also at their highest levels during May instead of during June, as was found in 1999. The adult population peak in 2001 was probably made up of the parent generation and new generation adults produced in the Þelds from nymphs present in the Þelds for at least 2 wk before the adult peak. During June 2001, populations of adults and nymphs declined rapidly as reproduction in the Þeld ended, and adults migrated from the Þelds. The single adult population peak found in the commercially produced soybean Þelds in 1999 and 2001 agree with the Þndings of Lam and Pedigo (1998) , who also found a single population peak for tarnished plant bugs in soybeans sampled in Iowa.
To better understand the mean numbers of tarnished plant bugs that were found in the soybeans, estimates of per acre numbers can be made in the three Þelds sampled in 1999 that were all planted on 30-in (0.76-m) row spacing. The peak population of nymphs in the second week in June (Fig. 1 ) was estimated at 8,751 per ha (3,543 per acre) using the drop cloth samples. This population estimate shows that a fairly large number of tarnished plant bugs were using MG IV soybeans as a host.
The production of nymphs in the sleeve cages when three females and two males were caged on soybeans showed that egg deposition, egg hatch, and development of nymphs could occur on preßowering and ßowering soybeans. However, the number of nymphs found in the sleeve cages was low. Poor egg hatch may have occurred on the soybeans, but this was not determined. If soybeans were a good host, third instars could have been found in the sleeve cages after the 16-to 18-d periods in which the females were caged on the plants. If eggs were laid in soybeans on the Þrst day the females were placed in the cages, they would require an average 7.6 d to hatch at 25ЊC and 6.7 d at 30ЊC (Ridgway and Gyrisco 1960) . Thus, if 7Ð 8 d for egg hatch occurred in the cages, there would have been an 8-to 10-d period for the development of nymphs in the cages before they were removed. Nymphs require an average 6.4 d to complete development to the third instar on green bean pods at 26ЊC (Bariola 1969) , and after 6 Ð7 d third instars could be present on a good host. The average high temperature at Stoneville during June and July was 33.2 Ϯ 0.2 (June) and 32.4 Ϯ 0.3ЊC (July). (Weather records for Stoneville are available at http://ext.msstate.edu/anr/drec/stations. cgi.) However, the largest nymphs found in the sleeve cages were second instar. In our laboratory rearing test using different soybean varieties, the instar of the dead nymphs was determined beginning on the ninth day and daily thereafter. In the three rearing tests (Table  3) , 46 of the 48 dead nymphs found after 9 d were second instars, whereas 2 were third instars. Therefore, even at a constant temperature of 25ЊC in the laboratory, development of nymphs on soybeans was slower than would occur on a better host.
Results from rearing plant bug nymphs on different soybean varieties in sleeve cages in the Þeld showed that prebloom soybeans were very poor hosts because no adults developed on the three varieties tested (100 Þrst instars per variety). In the soybean varieties with blooms, three adults (3.0%) developed on Pioneer 95B97, two adults (2.0%) developed on variety Williams 82, and one adult (1.0%) developed on Pioneer 95B96 and 95B34. The low number of adults that developed on soybeans in the Þeld was very similar to the results found from rearing nymphs on soybeans in the laboratory (Table 3 ). The results from the laboratory rearing test showed that soybeans were poor hosts compared with broccoli. Broccoli is an excellent host for rearing tarnished plant bug nymphs to the adult stage (Snodgrass and McWilliams 1992) , as are green bean pods (Ridgway and Gyrisco 1960, Bariola 1969) . Bariola (1969) found survival of newly hatched nymphs to adults on green bean pods averaged 84, 76, 79, and 73% at temperatures of 32, 27, 21, and 16ЊC, respectively. The poor quality of the soybeans we tested as rearing hosts can be seen in the number of days required for nymphs to complete development (19 Ð25 d; Table 3 ) on soybeans compared with broccoli (12.9 Ð13.2 d; Table 3 ). Mean weight of the nine adults reared on Williams 82 soybeans was 3.7 Ϯ 0.25 mg, which was Ϸ49% as large as the adults reared on broccoli that averaged 7.6 Ϯ 0.06 mg. The average weights of the adults that developed on the soybean varieties ranged from 2.7 Ϯ 0.11 to 4.3 Ϯ 0.21 mg, which were Ϸ43 and 68% as large as the adults that developed on broccoli, an average of 6.3 Ϯ 0.07 mg. The lower weights of the adults that developed on the different soybean varieties again indicated that soybeans were a poor host for tarnished plant bug nymphs.
Results from the large cage Þeld test showed that tarnished plant bugs could use ßowering soybeans as a reproductive host to produce one new generation. These results agreed with the results found in sampling commercial soybean Þelds in 1999 and 2001. The four MG III and IV varieties were found to be about equal as reproductive hosts. Among the four MG V varieties tested, Asgrow 5501 was found to be a signiÞcantly better host in 2 of the 3 wk in which differences were found. This variety also produced signiÞcantly higher numbers of large nymphs compared with the three other varieties tested. This is the Þrst time it has been shown that tarnished plant bugs have different reproductive rates on different soybean varieties. It is not known why Asgrow 5501 was a better host or if it is more susceptible to damage by tarnished plant bugs. The test plots were also only two rows and the results could have been affected if nymphs were able to move from plot to plot. We do not believe that this was a problem, but we had no way of determining if it occurred. The best measure of reproductive success on the soybeans was the number of large nymphs found, because they only had a few days before they became adults. There was no way of telling whether adults captured in the drop cloth sampling were raised on the soybeans or were adults released into the cage. In addition, adults are highly mobile, and there was no way to determine on which soybean variety an adult developed.
The large cage study further showed that MG IV and V soybeans were marginal hosts for tarnished plant bugs. Bariola (1969) found that a female tarnished plant bug averaged laying Ͼ100 eggs in a 3-wk period. The release of Ͼ1,200 females into the cages would have produced higher numbers of nymphs if soybean was a good host. If each female only survived on the soybeans long enough to lay only 25 eggs, this would have resulted in Ͼ30,000 eggs or Ͼ100 eggs/m of row (31 per row ft) because a total of 293 m (960 ft) was planted to soybeans in the cage. The highest mean number of nymphs found was 4.50 per sample (0.91 m of row with the drop cloth) in week 1 in the Williams 82 variety.
All species of Lygus are plant feeders but will also feed on smaller and less active insects (Kelton 1975) . Development of nymphs on soybean tissue from the 16 different varieties in the laboratory test and in sleeve cages in the Þeld was poor. Survival under natural conditions in the Þeld where other arthropods are available for food could be higher than what we found in our tests, but all of our tests results indicated that soybeans were a marginal host for tarnished plant bugs. Tarnished plant bugs usually do not use a host for food or reproduction unless ßower buds or blooms are present (Snodgrass et al. 1984) . Adults and nymphs feed on ßoral structures and fruit, and in cotton most of the nymphs (69 Ð 80% on average from June through July) are found on ßower buds, blooms, and bolls (Snodgrass 1998) . Cotton ßowers contain between 50 and Ͼ125 anthers (Gore 1932) and are a rich source of protein because of pollen produced in the anthers. Tsyganov (1953) reported that each cotton ßower produced up to 45,000 pollen grains. In contrast, soybean ßowers have 10 anthers (Guard 1931) . In one study (Palmer et al. 1978) soybeans produced amounts of pollen that varied from 374 to 760 grains per anther among different genetic lines and environments. This would amount to 3,740 Ð7,600 pollen grains per ßower that is about six-fold lower than the pollen production in cotton ßowers. This lower pollen production could be a contributing factor to our Þnding that soybean was a marginal host. It is possible that because of the lower pollen production nymphs must move more on soybeans and feed on more ßowers to develop than they would on a better host. If this is true, the rearing cages we used in our laboratory and Þeld rearing tests may not have been large enough to provide adequate food for successful rearing of nymphs.
Tarnished plant bugs were found in fairly large numbers in the commercially grown Þelds of early soybeans. Reproduction by tarnished plant bugs in early soybeans in the mid-south is important. Early soybeans provide a refuge in which insecticides are seldom used and little or no selection for resistance occurs in soybeans. Early soybeans also provide a host that ßowers during May before ßowering in cotton (ßower bud production usually begins in mid-June) and corn (ßowers most of June). Thus, MG IV soybeans provide a very abundant host for production of adults that move into cotton or other hosts where they produce offspring that can move into cotton. Tarnished plant bugs damage early soybeans by feeding on them; however, if this feeding damage results in an economically important loss in yield is unknown.
